A syringe-cartridge solid-phase extraction (SPE) method was developed for determination of patulin in apple juice. A 2.5 mL portion of test sample was passed through a conditioned macroporous SPE cartridge and washed with 2 mL 1% sodium bicarbonate followed by 2 mL 1% acetic acid. Patulin was eluted with 1 mL 10% ethyl acetate in ethyl ether and determined by reversed-phase liquid chromatography using a mobile phase consisting of 81% acetonitrile, 9% water, and 10% 0.05M potassium phosphate buffer, pH 2.4. Recoveries averaged 92% and the relative standard deviation was 8.0% in test samples spiked with 50 ng/mL patulin. The method appears to be applicable for monitoring apple juice samples to meet the U.S. Food and Drug Administration compliance action level of 50 mg/kg in an industrial quality assurance laboratory environment.
P atulin, 4-hydroxy-4H-furo[3,2-c]pyran-2(6H)-one, is a mycotoxin produced by several species of Aspergillus, Penicillium, and other related fungi, and is isolated from food materials (1) . P. expansium is primarily responsible for rot in apples (2) , from which any subsequent fruit juice may likely contain patulin.
Patulin has been shown to produce chromosomal damage (3), exhibit antibiotic activity (4) , and cause embryotoxicity accompanied by maternal toxicity (5); however, no adequate evidence exists for carcinogenicity in experimental animals (5) and the interpretation of immunosuppression and teratogenicity tests is controversial (6) . Patulin in apple juice is regulated in many countries at levels ranging from 20 to 50 mg/L (7); recently, the U.S. Food and Drug Administration (FDA) set a compliance policy action level of 50 mg/kg for single-strength apple juice (8) .
There are many published methods for the analysis of patulin in apple juice, and several have been validated through collaborative study (9, 10) . Most methods consist of a liquid-liquid extraction/partition step followed by cleanup, concentration, and separation or variants thereof. The various separation and quantitation methods discussed in a review by Shephard and Leggott (11) include thin-layer, gas, and liquid chromatography (LC). Recently, Trucksess and Tang (12) developed a solid-phase extraction (SPE) method to replace the liquid-liquid partition step that was applicable to both clear and unfiltered apple juice.
The technique described here is similar to the method described by Trucksess and Tang (12) but uses a combination of syringe and solid-phase cartridge rather than a vacuum manifold, and patulin is eluted from the cartridge with a different solvent combination. In addition, an LC isocratic buffered mobile phase was developed to resolve patulin from 5-hydroxymethylfurfural (HMF) and other interfering compounds.
METHOD
Safety notes: Take appropriate safety precautions: wear protective clothing, gloves, and eye protection; appropriately dispose of waste solvents according to environmental rules and regulations; and read Material Safety Data Sheets for each reagent. (g) Sodium bicarbonate 1%.-Dissolve 1 g sodium bicarbonate in 100 mL water.
Apparatus
(h) LC mobile phase.-Consisting of 81% water, 9% acetonitrile, and 10% 0.05M potassium phosphate buffer, pH 2.4 (v/v). Adjust phosphate buffer to pH 2.4 with phosphoric acid (LC grade, 85%) prior to mixing with water and acetonitrile. Final mobile phase pH will be ca 3.0. Degas mixture prior to use.
The procedures for the HMF solution, patulin standard stock solution, patulin standards working solutions, and HMF-patulin solution were published previously (9, 10, 12) .
Sample Preparation
No preparation is needed for single-strength apple juice. For apple juice concentrates, dilute to 11.5 Brix (percent soluble solids content) with water as measured with an appropriate refractometer.
Solid-Phase Extraction
Condition the SPE cartridge by using a 10 mL syringe to pass 2-3 mL water through the cartridge, followed by 2 mL methanol and then by 2-3 mL water with a flow rate of 2-3 drips/s. Draw up ca 2 mL 1.0% sodium bicarbonate solution into a labeled 3 mL syringe and set down for later use. Into another labeled 3 mL syringe, draw up ca 2 mL 1.0% acetic acid solution and set down for later use.
Use 3 mL syringe to draw up 2.5 mL sample. Attach syringe to cartridge and slowly force juice sample through cartridge at flow rate of ca 1 drip/s. Immediately attach 3 mL syringe containing 1.0% sodium bicarbonate and force solution through cartridge at flow rate of 1 drip/s. Immediately follow by attaching the 3 mL syringe containing 1.0% acetic acid and force through the cartridge at same flow rate. Slowly blow out any excess liquid in the cartridge with an empty 3 mL syringe. Attach cartridge to vacuum source (faucet water aspirator attached to 250 mL flask) to dry for 3-5 min. When dry, place 1 mL vial under cartridge. Transfer 1.0 mL 10% ethyl acetate in ethyl ether solution to cartridge using glass pipet. Carefully attach empty 3 mL syringe to cartridge and slowly force solvent into vial. Evaporate solvent under stream of helium or nitrogen. Add 0.5 mL 0.1% acetic acid solution to the vial and mix. Sample may be frozen.
Liquid Chromatography
The flow rate was set at 1.0 mL/min. The detector wavelength was 276 nm. The computerized data acquisition system was set at 0.05 absorbance full scale. All injections were 50 mL. When evaluating LC column performance, HMF and patulin should elute as 2 separate peaks with a baseline separation of ca 9 and 13 min, respectively. Patulin content was calculated as previously described (10, 12) using a dilution factor of 5. The dilution factor was calculated by dividing the original sample volume of 2.5 mL by the final test volume of 0.5 mL.
Results and Discussion
The technique relies on Luer-LOK type syringes that can be attached to the top of the SPE cartridge to form an air-tight seal to force the liquids through the cartridge rather than relying on a vacuum manifold system. The control of liquid flow rate through the cartridge for all solvent elutions was extremely important, as the cartridge could channel. Flow rates were estimated by counting the drip rate from the cartridge. When drawing up a liquid into a syringe, it was helpful to first draw up several milliliters of air to aid in forcing the liquids completely through the cartridge.
When the sample is applied to the conditioned cartridge, the liquid flowing from the bottom of the cartridge should be clear at all times. If the eluant becomes colored, the juice was forced through the cartridge too fast, causing channeling. Repeat the test with another conditioned cartridge. It is normal for the liquid that elutes after sodium bicarbonate addition to be colored. Patulin is unstable in a basic environment; therefore, the 1% acetic acid solution should be added immediately after the sodium bicarbonate.
Many combinations of ethyl acetate, acetonitrile, methanol, and ethyl ether as well as those mentioned by Trucksess and Tang (12) were used to elute the patulin from the cartridge. Liquid chromatograms of the eluates indicated that the combination of 10% ethyl acetate in ethyl ether produced the least interfering peaks. This solvent also had the advantage of being extremely volatile and evaporated readily under a stream of helium or nitrogen at room temperature.
It is extremely important that the cartridge is dry before the patulin is eluted from the cartridge. Water tends not to evaporate and will inflate the final 0.5 mL volume. Time is critical in this procedure. Minimizing the exposure of patulin to basic solvents and air greatly aids recovery.
Both the Oasis HLB and the Strata X SPE cartridges performed the same under the conditions listed. The Oasis HLB SPE cartridge was reported to be a copolymer made of divinylbenzene and N-vinylpyrrolidone, while the Strata X SPE cartridge was a patent-pending, surface-modified styrene-divinylbenzene polymer.
To minimize any patulin degradation during the LC test phase, an acidic phosphate buffer was added to the mobile phase. The resolution between HMF and patulin averaged between 3 and 4 min. With some samples, a small peak often tended to co-elute as a side peak with patulin. Resolution of the patulin peak was enhanced by varying the amount of acetonitrile by 0.05-0.10% (replace or reduce with same amount of water). However, this also depended on the type and condition of the column. Typically, a newer column may require 10 mL more acetonitrile to resolve patulin than an older column. Both the Column Engineering and Phenomenex columns performed about the same with some slight variation in HMF and patulin retention times. A typical chromatogram is shown in Figure 1 .
The amount of time required to complete the method from initial sample extraction to observing a patulin peak on the chromatogram was <30 min. However, as shown in Figure 1 , the LC system should run an additional 20 min to elute compounds with retention times greater than patulin.
The method detection limit was about 10 ng/mL. The detection limit appeared to be based on the resolution of the small patulin peak from other peaks of equal height. The method performance comparison between the liquid-liquid extraction method (AOAC Official Method 995.10; 9) and the syringe-cartridge SPE method is illustrated in Table 1 . A total of 8 technicians representing 4 industrial laboratories evaluated 6 samples of 11.5 Brix apple juice made from concentrate that was spiked with patulin at the following concentrations: AOAC 995.10 method, 20, 50, 100, and 200 ng/mL; and SPE method, 50 and 110 ng/mL. In general, the percent recoveries using SPE were comparable to those with the liquid-liquid method but slightly lower. The calculated amount of measured patulin for both methods at 50 ng/mL of patulin was the same. However, the standard deviation for the calculated amount of patulin for the SPE method was slightly less than that for the liquid-liquid extraction method. At a patulin concentration of 50 ng/mL, the relative standard deviations for the SPE and the liquid-liquid methods were 8.0 and 14.0%, respectively.
The described syringe-cartridge SPE method required less solvent than the liquid-liquid method (9) and less equipment than the published Trucksess and Tang SPE method (12) . The combined time, sample preparation, and chromatography required to determine the patulin content in a sample with SPE was <30 min, whereas the liquid-liquid method required 2-2.5 h. The method performance data indicated that the described syringe-cartridge SPE method was better than the liquid-liquid extraction method (9) and comparable to the Trucksess and Tang method (12) at the 50 ng/mL patulin level in apple juice.
With the syringe-cartridge SPE method, it was possible in an industrial quality assurance laboratory environment to monitor in real time patulin levels in apple juice to meet the FDA com-pliance action level of 50 mg/kg. Costs were further minimized by using basic LC equipment such as a pump, manual injector, single wavelength detector, and chart recorder.
